Integrated control of growth and differentiation of normal human prokeratinocytes cultured in serum-free medium: clonal analyses, growth kinetics, and cell cycle studies.
The effects of growth factors, hormones, and calcium on the growth and differentiation of secondary cultures of normal human prokeratinocytes, i.e., proliferative keratinocytes, derived from adult or neonatal skin were determined by culture in serum-free basal medium, MCDB 153. Clonal growth was achieved when MCDB 153 was supplemented with either epidermal growth factor (EGF) or bovine pituitary extract (BPE), provided insulin was present. In the absence of insulin, however, both EGF and BPE were required for clonal growth. Using this assay, it was established that colony-forming efficiency is independent of calcium concentrations above 0.03 mM and averages 56%; colony size, however, was influenced by calcium and EGF concentrations. Optimal clonal growth occurred in medium containing 10 ng/ml EGF and 0.3 mM calcium. By contrast, differentiation was enhanced by the combination of low EGF (0.1 ng/ml) and high calcium (2 mM). This suggests that an inverse relationship exists between the growth response (extent of clonal growth) and the differentiation response (extent of differentiation). These results suggest that proliferation and differentiation are regulated in an integrated manner. Detailed kinetic studies and cytofluorimetric and autoradiographic analyses also showed that exponentially growing secondary cultures of adult and neonatal prokeratinocytes have a 24-hour cell generation time with G1, S, G2, and M phases of 12, 8, 3, and 1 hours, respectively. In addition, the data show that such cells can be growth arrested in medium that does not induce differentiation and that such a procedure significantly limits the cell's subsequent proliferative potential. Furthermore, prolonged culture of adult (greater than 30 population doublings) and neonatal prokeratinocytes (greater than 50 population doublings) is associated with senescence and the G1 arrest of noncycling cells.